Bismuth molybdate (BMO) is the simplest compound of aurivillius familywith a wide range of application as a tunable capacitor and sensor. The present article deals with the study of astructural, optical and catalytic property of tungsten doped Bismuth molybdate. The crystal structure is critically studied by Rietveld structural refinement method by using X-ray powder diffraction data. Raman scattering indicates that the structural distortion in BMO is mainly due to the rigid rotation of MoO6 octahedra. Due to the introduction of tungsten, the system experienced an increase in the band gap, which is studied by Uv-vis spectroscopy and W doped BMO show remarkable photocatalytic behaviorcompared to pure one.
1.Introduction
Tailoring the crystallinity and bandgap of perovskite materials has phenomenological significance owing to their numerous applications in the field of optoelectronics, memory devices, sensing, and photocatalysis.Among all materials, Bismuth molybdates (Bi2MoO6)serves as an ideal material with all these unique properties for LTCC technology, it is one of the simplest units of the large family of Bismuth layered structured ferroelectrics(BLSF) perovskite known since1949. [1] [2] The structure of this compound is described by the general formula (Bi2O2) 2+ (An-1BnO3n+1) 2-, where A sites can be taken by mono, di or trivalent compound and B sites can be occupied by rare-earth elements and m represents the number of BO6 octahedra in a perovskite layer (n=1,2,3,4 and 5). [3] [4] [5] The crystal arrangement of this compound comprises of alternating Bi2O2 layers and perovskite-like a layer of corner linked BO6 octahedra. [3] [4] [5] Bi2MoO6known as one of the most convoluted compounds of BLSF due to the polymorphic phase of its crystal structure, which can be isolated by giving optimum temperature treatment depending on its method of synthesis, each phase illustrating distinct utilization as an oxygen ionic conductor, catalytic activity and ferroelectric materials. Three discrete phases mentioned as: at low temperature the stable phase of Bi2MoO6 is denoted by γ phase exhibiting fluorite-like structure, the intermediate phase is denoted by γ' which is stable till 600 O C, in case of reversible transition, the γ and γ' phases show layered aurivillius type structure where perpetual arrangement of alternate (Bi2O2) and (MoO4) sheets along a crystallographic axis. Recent studies by serval authors indicate that the transition of γ to γ' phase in Bi2MoO6 is basically associated with a ferroelectric to paraelectric type transition. γ' phase is generally orthorhombic in nature rather than that of tetragonal symmetry, in few studies, it is observed that at this temperature second harmonic generation signal generally disappears from Bi2MoO6hence proving that γ' is nonpolar in nature. Finally, a stable, non-reversible (γ'') phase is obtained when Bismuth molybdate is heated above 670 O C. The γ'' phase has a monoclinic structure with space group of P21/C, γ'' phase shows original structure due to presence of MoO4 tetrahedra enclosing ribbons of Bi-O in place of MoO6 octahedra which is generally revealed at lower temperature phases. [6] [7] Physical properties of the material heavily depend upon the microstructure and doping, the effect of doping on different physical and chemical properties of the solid materials is well known and this response is widely employed in ferroelectrics to enhance their performance, so therefore by controlling these parameters, one can tailor the physical properties of the materials. Rietveld's X-ray powder structure refinement has been considered in the present work because no other method is equally capable of determining the crystal structure, lattice strain, crystallite size, and atomic parameters of nanocrystalline material consists of a large number of superimposed reflections. [8] [9] In this article, we determine the usefulness of new solid solution with the general composition of Bi2Mo1-xWxO6 by solid-state route method where x varies from 0.00 to 0.10.
The phase, crystallite size and lattice parameters of Bi2Mo1-xWxO6 at room temperature is observed and deliberated on the basis of X-ray diffraction (XRD) with Rietveld refinement,the change in phonon properties of composition due to appropriate doping, variation of electronic band gap is also investigating on basis of Uv-Vis spectroscopy, Raman scattering is carried out to gain evidence on structural changes occurring in the material.
2.Materials and methods
Stochiometrically taken Bi2O3, MoO3 and WO3 powders (All from Sigma Aldrich USA) were thoroughly grounded before microwave calcinations at 575 o C for 5 hours. The range of tungsten doping in composition Bi2Mo1-xWxO6(BMoW) was from x=0.0 to 0.06 with stepsize 0.01, 0.08 and 0.10.Eurotherm 2416 controller was used for varying microwave input power monitored through a typical pre-set thermal profile during calcinations and sintering. Detailed preparation and initial x-ray diffractograms have been reported elsewhere[ ]. The refinement process of obtained x-ray diffraction data was carried using program Fullprof estimating P21c space group orthorhombic unit cell for prepared Bi2Mo1-xWxO6 (BMoW) compositions. The surface morphology of prepared pellets was investigated using field-emission SEM of make Carl Zeiss Merlin VP with 5kV acceleration voltage and 100KX magnification. Before recording images, pellet surfaces were coated using a thin layer of gold to avoid dipolar charging effects on surface. Microwave synthesis is the result of high frequency 2.45GHz microwaves coupled with each dipole in a material or atmosphere and generating local high temperature regions for calcinations/sintering due to dipolar switching at microwave frequencies. High-frequency treatment of starting dielectric oxide materials is For detecting transitions between vibrational energy states created for accommodating inelastic collision derived electron transfer, raman spectroscopy was deployed. These measurements were performed by exciting BMoW composition powders with He-Ne laser beam of 532nm wavelength. Scattered light was analyzed using an HR-800 Horiba JobinYvon, micro-Raman spectrophotometer having a spectral resolution of ~1 cm -1 equipped with an edge filter(1800 lines/mm grating with CCD detector) for Rayleigh line rejection.Charge transfer mechanism in all BMoW compositions was investigated using impedance spectroscopy based on room temperature dielectric dispersion data and cyclic voltammetry. Dielectric dispersion (accuracy~0.08%) was recorded using high frequency LCR meter NF2376 (NF Corporation, Japan)in frequency range from 20 Hz to 1MHz at an oscillation level of 1V oscillation. 
3.Results and discussions
X-ray powder diffraction is one of the most powerful technique to obtain qualitative and microstructural information for polycrystalline materials. However, polymorphic forms of few multi-elemental ceramic matrices(sharing nearly equal lattice spacing with different crystal symmetries) are difficult to be analysed just by using as obtained diffraction data. For such cases, the quantitative study is not possible due to difficulties in the overlapping of the different Braggs reflections making traditional x-ray diffraction method unsatisfactory. To resolve this problem, a very well established Rietveld refinement method that is a simulation program to refine the theoretical line profile by least square fitting method, is used. Various profile-fitting parameters make it very convenient to conclude exact crystal symmetry or changes in parent structure besides helping in estimating strain induced microstructure. It is practiced to know the domain size, microstructure and strain values from the refined profile 15 . Careful comparative analysis of experimentally obtained lattice parameters with those refined indicates prominent a-b plane octahedral rotations on tungsten doping than a-c plane tilting of the same, Table- 3. This induces further in-depth study of Long-range mobility is the hopping mechanism of electronic conduction between grains and short-range mobility is the localized conductionthrough diffused and conducting grain boundaries. Modulus spectroscopy is very effective tool in distinguishing these two mechanisms. Fig.8 represents 
Conclusions
The polycrystalline Bismuth molybdates are prepared from conventional solid-state route method and its Rietveld refinement reveals the orthorhombic crystal structure with space group P21/C. A gradual increase in the band gap of BMO is observed with the introduction of tungsten in the system and this increase is also suggested by the increased activation energy.
Raman data suggest the structural changes in BMO is basically due to the distortion of MoO6 octahedra. All this study suggest that BMO can be effectively used as a photocatalyst. The polycrystalline Bismuth molybdates is prepared from conventional solid-state route method and its Rietveld refinement revels the orthorhombic crystal structure with space group P21/C.
An increase in dc activation energy is observed with incorporation of W 6+ in the system and give rise to insulating behaviour in the material. Non-Debye type behaviour with distributed relaxation time period is observed from complex impedance plot. Gradual increase in the band gap of BMO is observed with introduction of tungsten in the system and this increase is also suggested by the increasing activation energy. Raman data suggest the structural changes in BMO is basically due to distortion of MoO6 octahedra. All this study suggest that BMO can be effectively used in sensor industry.
